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Title of Invention 
ELLIPSODIAL MIRROR 

Cross-Reference to Related Applications 

[0001] The present application is a divisional application of currently 
pending U.S. Patent Application No. 09/942,019, filed August 29, 2001. 

Field Of The Invention 

[0002] This invention relates to optical systems capable of providing 
a magnification which can be varied. 

Background Of The Invention 

[0003] Optical systems which can provide a variable magnification 
are often required and have been known for a long time. In the visible region 
of the electromagnetic spectrum, variable magnification optical systems have 
been implemented for many years using a series of lenses whose separations 
can be varied in order to change the magnification provided by the lens 
system. A problem with lens systems is that because of their refractive nature 
chromatic aberrations can occur and this type of lens system often requires a 
number of extra elements in order to overcome this problem. At wavelengths 
outside the visible region, for example in the infrared region, the number of 
materials which have the necessary transmission qualities to form such 
lenses is severely restricted and this restricted choice of material can have the 
effect of reducing the performance of the optical system that can be achieved 
over a range of wavelengths. Also the cost of the system is increased. 

[0004] This problem has been dealt with in the past by constructing 
variable magnification optical systems entirely of mirrors. An advantage of a 
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mirror system is that there is no chromatic aberration. However a 
disadvantage of many mirror systems is that each mirror generally works off 
axis and as a consequence aberrations occur and increase rapidly as the light 
propagates through the system of mirrors. Another disadvantage of many 
mirror systems is the complexity of the mechanical system that is required in 
order to move the individual mirrors in order to achieve a change in 
magnification. This arises because the mirrors are not positioned and moved 
on a common axis as in the case of lenses and the position of the mirrors has 
to be controlled in two rather than one dimension. 

Summary Of The Invention 

[0005] The present invention is concerned with an optical system 
which has been developed in order to deal with both the aberration and 
mechanical articulation problems associated with the prior art. 

[0006] According to the present invention there is provided an 
optical system capable of providing a magnification which can be varied 
comprising a pair of ellipsoidal mirrors which are so mounted and coupled that 
the point at which radiation reflected from the first mirror is focused 
corresponds substantially with the input focus of the second mirror. The 
mirrors may be mounted for pivotable movement so that the angle between 
their axes can be varied. 

[0007] The optical system may include a first pair of ellipsoidal 
mirrors and a second pair of ellipsoidal mirrors, said pairs of mirrors being so 
mounted and coupled that the output focus of the first pair corresponds 
substantially to the input focus of the second pair. The mirrors may be 
coupled by articulation means and the articulation between the output mirror 
of the first pair and the input mirror of the second pair is at the output focus of 
the first pair. The said point of articulation may be constrained to move along 
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a predetermined path when the mirrors are moved in order to achieve a 
change in magnification. 

Brief Description of The Drawings 

[0008] The invention will be described now by way of example only, 
with particular reference to the accompanying drawings. In the drawings: 

[0009] Figures 1 and 1a illustrate the operation of ellipsoid mirrors;. 

[00010] Figure 2 illustrates schematically a first embodiment in 
accordance with the present invention; 

[00011] Figure 2a illustrates the arrangement of Figure 2a in a 
different configuration; 

[00012] Figure 3 illustrates another embodiment of the system in 
accordance with the present invention, and 

[00013] Figure 3a shows the system of Figure 3 in a different 
configuration. 

Detailed Description 

[00014] Embodiments in accordance with the present invention 
provide optical systems which have continuously variable magnification and 
are based upon the use of ellipsoidal mirrors. An ellipsoidal mirror has the 
property that any ray that passes through one of its foci will be reflected to 
emerge through its other focus. This is illustrated in Figure 1 and la of the 
drawings. An object placed at the focus (10) of the ellipsoidal mirror (1 1 ) will 
generate an image at the focus (12). The degree of magnification provided by 
the mirror varies in accordance with the angle at which the rays impinge upon 
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the surface of the surface of the mirror. Figure 1 shows an arrangement 
which can achieve high magnification, whilst the arrangement of Figure 1a 
achieves a lower magnification. When using a single mirror such as the 
arrangements shown in Figures 1 and 1a, aberrations, which appear in the 
image, increase rapidly as the point at which the rays impinge upon the mirror 
moves away from the centre of the field. The rate of increase depends upon 
the f number of the mirror. 

[00015] A practical arrangement in which the problem of aberration 
can be reduced is illustrated in Figure 2 of the drawings and is formed from 
two ellipsoidal mirrors (20 and 21). These mirrors are coupled together and 
so mounted that the output focus of the first mirror (20) coincides with the 
input focus of the second mirror (21 ), this point of coincidence being shown at 
(22). Furthermore, the second mirror (2.1) is so arranged that it reflects in the 
opposite sense to the first mirror (20). In such an arrangement, the 
magnification can be varied by adjusting the relative orientation of the mirrors 
in such a way that the entry angle of the light rays changes. A positive 
increase in ray entry angle to the first ellipsoidal mirror results in a lower 
magnification and this distorts the wavefront at the intermediate focus (22). 
This effect however is countered at the second ellipsoidal mirror as the 
change in entry angle tends to increase magnification. Thus, the wavefront is 
restored to a certain extent by the second mirror. The wavefront restoration is 
almost perfect when one ellipsoidal mirror has a magnification which is the 
reciprocal of the other. Thus, aberration is minimal when the system delivers 
unity magnification. However, aberration will grow relatively slowly as the 
system magnification is increased. 

[00016] Figure 2 shows the two ellipsoidal mirrors in a configuration 
which provides low magnification. Figure 2a shows the two mirrors in a 
different configuration which provides a relatively high magnification. 
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[00017] It will therefore be seen that an optical system having 
continuously variable magnification can be constructed by arranging two 
ellipsoidal mirrors so that their base plates are pinned together in such a way 
that the second focus of the first ellipsoid coincides with the first focus of the 
second ellipsoid. The magnification provided by such a mirror arrangement 
can be varied by changing the relative orientation of the mirrors so that the ray 
entry angle of light into the system is changed. For a given system 
magnification there will be an optimum pair of angles between the axes of the 
mirrors that achieves a minimal image aberration. However, maintaining a 
precise control of angle is not a necessary requirement. 

[00018] Whilst a system as described above with reference to Figure 
2 can achieve satisfactory results, it does have a drawback in that the relative 
position and angle of rays into the system changes with respect to the output 
of the system. This may not be a problem if the image sensing device which 
is to receive the radiation of the second ellipsoidal mirror can be moved easily 
relative to the object, but there are some systems in which it is necessary to 
maintain a fixed spatial relationship between the object and the image. In 
such a system the arrangement, shown in Figure 2, would not be satisfactory. 

[00019] The drawback referred can be overcome by providing a 
mirror arrangement of the type shown in Figure 3 of the drawings. Figure 3 of 
the drawings illustrates a continuously variable magnification optical system 
comprising a first pair of ellipsoidal mirrors (30 and 31 ) and a second pair of 
ellipsoidal mirrors (32, 33). The mirror (30) is mounted upon a pivot (34) . 
which is attached to the chassis of the optical system and the mirror (32) has 
a pivot point (35) which is also attached to the system chassis. The mirrors 
(31 and 33) have a common intermediate pivot point (36) which is capable of 
moving with respect to the chassis. In Figures 3 and 3a, reference point 37 is 
the image focus for mirror 30 and the object focus point 31 . Reference point 
38 is the object focus point for mirror 32 and the image focus point for mirror 
33. 
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[00020] In the arrangement shown in Figure 3 the two pairs of mirrors 
are linked in such a way that the output focus of the first pair is pinned to the 
input focus of the second pair at point (36). This provides sufficient degrees 
of freedom to change the angles between the axes of the four mirrors whilst 
maintaining the output of the complete system at a fixed point relative to the 
system input. Furthermore, it is possible to arrange the geometry such that 
light rays from an object enter and exit at the same relative angle. 

[00021] The pivot point (34) forms the input to the system and the 
pivot point (35) constitutes the output of the system. The pivot point (36) is 
arranged such that it can move along a predetermined optimal path in order to 
achieve different system magnifications. For any given system magnification 
there will be a position for the point (36) which gives the best aberration 
performance. In a practical arrangement this path will be a compromise 
between the optimal and what can be achieved by the particular mechanical 
system employed. 
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